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M oke than half a century ago, when using my large 
hydro-electric machine, before it went to the 
Polytechnic Institution, I hit upon a remarkable experi¬ 
ment. Taking two wine glasses tilled to the brim with 
chemically pure water, I connected them by a cotton 
thread, coiled up in the one glass, and having its shorter 
end dipped into the other. The two glasses were joined 
up to the machine, the one containing the coil of thread, 
by a negative wire, and the other, by a positive connec¬ 
tion. On putting the machine into full action the coiled 
thread was rapidly drawn out of the negative vessel and 
deposited in the positive one, leaving for a few moments 
a rope of water about -d inch in lengUi suspended be¬ 
tween the lips of the two glasses. The experiment was 






vi PREi-Acr: 

made with (Iir inacliiiio in the o|M-n air, and its highest 
j)()\vor was required lor producing (lie cirect. rnhirtunately 
that degree of power could never he attained when tin; 
machine was fixed under cover in London, and I tlierefore 
failed in my attempt to repeat the experiment when the 
machine was exhibited in the theatre of the Polytechnic 
Institution; l)ut it was always my intention to follow 
up the subject as soon as I could provide myself with a 
sufficiently powerful apparatus and could find leisure to 
devote to its use. This, however, did not occur until 
very recent years, and until then the experiment remained 
dormant and unnoticed. 

On recommencing my investigation I found that at 
my then advanced age I uas no longer able to endure 
the exposure incident to outdoor experimenting, and was 
consequently led to use powerful induction coils in substi¬ 
tution of a steam generator; and although I have* nevej- 
succeeded in reproducing the desired effect in pn'cisely 
the same form as in the original experiment, yc't the 
same result in pi’inciple has been fully altain<'d, and »)n 
more than one occasion has been publicly shown. Tin' 
chief difference in the effect produced was, that with tin* 







I'RHIACI*: vn 

iii'W iippiirul UK !i niiich thicker <'otton could he niov<d, 
but the attainable 8))eed was (greatly reduced. 

After starting: afresh luy investifjation wi<leii<*d. From 
movement in water I was led to movement in air. 1 luito- 
"raphy came to my aid and Eventually enabled me to 
compile the connected series of illustrations which are 
appended to the following monograj)h. 
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f HE experiment now pretty well known which shows 



the travel of a cotton thread from a vessel of water 
nejiativelv electritied into another which is positively 
eloctrilied i)rcscnts strong evidence of two currents flowing 


simultaneously in opposite directions, the negative being 


inside of the positive. It is essential to the production 
of this effect that the water he chemically i)ure, or sulfl- 
cieiitly so to render it a very imperfect conductor ; and 
vet a certain degree of conduction is necessary, for wlu'ii 
oil of turpentine is used the effect is merely one of 
violent commotion, affording no j)rooi ol interchanging 


currents. 








lu.ix TKir m()Vi:m j-:ni 


WIicii (he cxiMTiiiM-iif in madi- witli a of 

friasscs, cacli nearly "i(li pure wafvr, and liavintf a 

lew lilainents of iainp-eofinn la'nl over llie hlit'litly wpa- 
raled ed^es and dlppiiiff into ih(! wafiT at eaeli side, the 
cotton I'l’awls slowly over Iroin the lu’f^ative into tin* 
])ositivG glass, while the ])ositive water travels in tin* 
oj)j)osite direction and a(*eninnlates in the negative glass. 

If the cotton he i)revented from travelling, the water in 
the positive glass passes over in greater abundance, hut 
it is very difficult under these conditions to prevent the 
j)assage of sparks between the glasses, and ^^hen this 
occurs nitric acid is formed in the adjacent air, and, being 
absorbed by the water, destroys its necessary purity. A 
much better apparatus, both for exhibiting and inves¬ 
tigating the effects, is delineated in tig. 1, on the sheet 
of diagrams following the printed matter. It shows a 
glass bulb about 2 a inches in diameter, having a neck ot 
about 8 inches long on the upper side, and a tapering 
nozzle on the lower side terminating in a short parallel 
passage of about '05 inch in diameter. Through this 
passage a string of loose cotton tihre is passed, the thick- 
of which is somewliat less tlian tlu' diameter of the 
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passagt'. Tlu! upper end of (he firing is hooked on to 
(he platiuuin win^ by wliieli (lie current is e-onveyed into 
(lie hulh, or it may he undetaehed and liave a knot at 
the top to prevent it sliding out. A tall glass vessel, 
which may be called ‘ the tank,’ is filled mnirly to the 
top with pure water, aud into this the hulh is plunged, 
and allowed to fill up through the nozzle to the level of 
the water in the tank, the depth of immersion being such 
as to allow one-half the length of the neck to stand out 
of the water. A powerful induction-coil is then to be 
connected Avith this apparatus, the negative wire being 
inserted in the tank, and the positive conveyed into the 
bulb. When the positive current from the coil is directed 
into the bulb the cotton travels upwards and the water 
downwards, and in so doing the surfiice level in the neck 
of the bulb sinks below the level in the tank to an 
extent dependent on the power applied and its continu¬ 
ance. On the other hand, starting under the same con¬ 
ditions, but Avith reAcrscd action ol the coil, the cotton 
descends into the tank instead ol rising out ol it, and, 
being assisted by its Avcight, its descent is more rapi<l 
than its preA'ious ascent. At tin' same time the AAatei in 
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dll' neck, iustoiid of iUlliii^ below the level in the tank^ 
rises above it, so that the j)ositive aelion operatrjs in botli 
cases against the resistance of an adverse liead. If any 
further proof were lu^eded of the co-existence of opposih; 
currents, it is aff’orded by tlu^ fact that when a magnified 
figure of the process is ju-qjected on the screen of an 
electric lantern, tlie upward and downward riow of the 
water is conspicuously displayed by the appearance which 
always attends the entry of a heated current into a colder 
medium. But when the lantern is applied for this pur¬ 
pose the tank must be fiat sided to prevent distortion of 
the image. 

The nozzle should have a parallel passage at its 
extremity of about three diameters in length, but much 
less will do, though not so effectually. hen the parallel 
passage is much hunger, the water is apt to boil in passing, 
and then a stream of fire fills the channel and qdickly 
destroys tlic cotton. In all the above experiments the 
induction-coil which Avas used was snliicicntl} povcrlul 
to gn-c sparks eighteen inches in length, but a more 
frequent spark from the same coil of about three inches 
in length was found to be the most effective. Halls of 
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t'ciiKil size w<‘n! iihc< 1 cjidi 

to fj:H spiirlvK |ii boUi di 

obtaiiu'd similar cflbctK with a coil of vcrv in 
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V(!ry inferior |)ower 


by reducing the thickness of the cotton and the diameti?r 
of the passage to i)roportionately smaller (limensions. 


In this first stage of the experiment the cork in the 


neck of the hull) is left loose to admit air, hut in the 


next operation it is closed, the hulb and neck being first 
completely filled. The water is thus locked in by atmo¬ 
spheric pressure, so that there can he no outward passage 
'without an equal inward passage taking place at the same 
time. Under these circumstances the water is seen, by 

its heated condition, still to come out, though no vacancy 
% 

takes place in the bulb. The necessary inference there¬ 
fore is that the positive water on issuing from the bulb 
changes its polarity and re-enters as a negative current, 
so that an equal (drculation is established. But in the 
former case the quantity of water which was expelled 
fi'oin the bulb was greater than that which entered, 
whereas in the present case the quantities are equal, and 
as the expenditure of energy must in both cases^je I he 
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tlie work dono by flu; nefrafivo currejit in the previous 
uncorked condition of the bulb. Tlie exi)Ianution seeni« 
to he m the fact that tlie negative current has to en- 
(caiiuter more friction from tjie fibres of the cotton in 

A- 

I)assiug by an inside route tlian the positive meets with 
in following an outside course, the result being that the 
negative current has more work to do in the production 
of heat. The fact that much heat is so generated by the 
negative current is unquestionable, for steam is seen 
under lantern examination to burst out in i)uffs from the 

t- 

meshes of the cotton. 

Having tlius described the details of the experiment 
in its various phases and the a})paratus used in the opera¬ 
tion, I shall noAV attem})t a connected explanation of the 
eflFects produced. 

The bulb when plunged into the tank is in the ^ 
condition of a j)crforated Leyden jar, differing from an 
ordinary one in b(dng coatc'd with a slow conductor 
(pure water) instead of the usual tinfoil. The neck, or 
that portion of it which remains out of the water, corre¬ 
sponds with the uncoated part of the jar. 'I'he eii’ccl ol 
perforation in a jar with metallic coating is instantaneous 
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<lis(l.a.gc fl.n.n-h t),,. j,, 

w(‘ arc (liscussinjr the coiiducfu,n over fJic KiJif:u^? and 
tlnon^di tlu> (oniHTtinfr cl.aiuicl is so shnv that tJu* bulb 
<aii Ik* rc-cliar-cd bof(,r(. iicufralisation is comiiletdy 
otfect(>d. ^yhcn wc want to slow d,nvn tlie discharge of 
an ordinal y Leyden jar wi* nse a wet string as a dis¬ 
charging conductor. In tlie present case tlie watc*r and 
cotton in tlie connecting cliannel act in the same capacity, 
hut >Mth greater effect owing to the jiurity of tlie water. 
In all cases the neutralisation has to be effected by cross 
currents tliroiigh the conductor, and the (piestion arises. 
How <11 e these to pass without collision ? ^ow, since it can 
be proved that positive electricity acts divergently, while 
negative acts convergently, it is natural that the negative 
should dr<aw to the interior of the string and the positive to 
the exterior, and so avoid interference. The travel of the 


<‘ottoii is not an essenti<al feature in the effect, but only 
an indication of the existence of a central current. The 
result is the same, so far as the interchange is concerm'd, 
whether the cotton is fixed or free, <and oven by reducing 
its length to a mere jifug in the hole the Ir.ivcd of the 
water in contrary directions is equally effected. 'flu* 






s 


KLICCTk 1C MOVIiM liNT 


Dingrara 


iiK'lhod of coiKliiclion is Uicrcforc <||o saiiio hofli in the 
case of lh(> cxpcnmcut and in fl„* ..rdinary rase of using 
wet string to retard the discJiarge. Xatnn? is very 
eeonomieal of metliods, tliougli boundless in variety of 
ajudication, and it inay 1)(> (luestioin'd wlietlier a mode 
ol conduction establislied in a single instance may not in 
all cases be essentially the same. 

As to the nature of tlie motion upon which the 
cross-movement of the water and cotton depends, I think 
a clue to the action may be found in the study of the 
smoke-ring, of wdiich tlie diagram, fig. 3, shows a cross-sec¬ 


tion, the direction of its motions being displayed by arrows. 
On the two outsides the arrows are })ointing downwards, 
while on the two insides they^are pointing uj)wards, and 
it is easj to see that an action of this kind operating in 
the dividing cliannel between the tw^o vessels would tend 
to gi^ e upward movement to the cotton in the centre 


and a downward movement to the water on the outside. 
Upon this ])rinciplc the cotton experiment in all its 
phases can be explained. ^ 

If Lord Kelvin’s views on vortex atoms be Iruc — and 
taken in connection ’.vith those of ILdmludl/ Ihoy have 
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most \v('i<rlily cliiiiiis lo iiccropfaiicc vnrlox iiiofion rniiht 
1)1' file most universal of all mol ions, and it will I,., 
impossible to exelude it from the domain of eleelrieity. 
Ill laet, a further eoiisideration of the jiropertics of the 
smoke-ring will show that they arc (piite of a nature 
to fall in with the dual character and the known facts 
ol electricity. I have referred to its motion as viewed 
in transverse section, and its facial movements remain 
to be considered. 


'1 hese are of oiiposite natures; they are outward and 
diA'ergent on one side, inward and convergent on the 
Dingnims 2,4. other side, as shown by the arrows in 2 and 4 on 
the diagram sheet. These conditions correspond with 
pressure and suction on opposite sides. In a crowd of ^ 
elcctriticd rings jiressure sides would repel iiressure sides 
and be attracted by suction sides, and these forces would 


operate to draw the rings into lineal adhesive arrange¬ 
ment well adapted by elasticity for Aibratory transmission 
of energy. The reiiulsion of two suction sides co uld also 
be explained as a secondary action, caused by their jmlling 
round two jncs.sure side^s to take their pTiici's. All ellecls 
AvoidcMLicr^cverscd by change/of ])olarity—that is (o say. 
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'O elfxtric movement 

l>y iniinuix the „xis of roUHiou l.air.xvay round, or by 
a reversal of Ihe inaonolic; cireulafion. , ' 

TJie rings would rei)resent niolceular movements wldej, 
in point or size might vary from in.^oneeivahle miuuUmess 
to others of vastly larger dimensions formed by a eon- 
geaes of smaller ones. The electrical analogies of smoke- 
nngs are also strengthened by a com])arison with 
magnets. We know that if a wire carrying a ciUTent 
be passed through a hole in a card sprinkled with iron 
dust, the particles resolve themselves into whirls around 
the wire. Conceive the wire to be bent round into a 
circle and joined at the extremities. The result woidd 
be a ciiculating current with transverse rotations similar 
tliose of the smoke-ring, and in the absemee of resist¬ 
ance the motions would go on for c\'er. A monad svstem 

_ electric action constituted on this ])rinciple woidd 

rejir^mt in an ethereal form the elementary conditions 
botli of current and magnetic elcctricih^ I will not 
venture to say that a magnet is constituted exactly on 
tlie same model, but it certaiidy possessi's features of 
similitude to a lengthened smoke-ring. 'I’wo oval curves 
straightened on the inner sides would represent the trans- 






ijj-x rkic movi-:mi-:n'I' 

v.'i-K.. sc.,-li„n of MH l, u ring, and lln- Kingh* rurv^-H .l,o«n 
•li.if^Min, lig. .5, may Im; taken hh llm mean j»atli of ihe 
^o-ealled ‘linos of fore,-.’ Concinve flie <.enfral parallel 
Hl)a,'o to be occni.icd by eolnmns of ‘Ampere whirls’ break¬ 
ing aAvay in strings at one end and rejoining at the other, 
and we should then liave a figure composed entirely of 
Avlnrls and liaving an internal and external flow in 
opposite directions gradually declining into heat. Like 
a watch, a magnet is put into a state of tension by an 
outward application of force, and like a watch I conceive 
it to be gradually let down by a process of escape¬ 
ment. The severance at the issuing end would be the 
response to the imjiulse at the entering end, and this 
constant repetition of stopping and starting would con¬ 
stitute an escapement. The curvature of the lines would 
imply inertia, and their tensile condition would result 
from polarity, the energy being transmitted most probably 
by vibration. Amiiere’s theory of whirls is generally 
accepted, and those whirls may themselves be vortical, 
like the smoke-ring. I can conceiv(* no other form of 

vortex that would account for the polarity. Jhit I f»'ar 
these speculations will be deemed both loo daring and loo 







' ri< ic mc)vi‘.m hx^i 

It \vill he more lo the j)urj)OKe fo hh<iw exjKTi- 
nuMitally fhal of* force ap[>arently magnetic <-iin 

l)e g('ncrat(>(l on non-ferriigimms dusi by interrupted 
tlisc]iarg(‘s in transverse din'ction. The illnsfra- 
tions numbered 1, 2, and d, in tlie ibllowing series, all 
rei)resent effects produced by a succession of sj)arir dis- 
charges through a hole in a sheet of cardboard covered 
M-ith a film of light dust, the hole in each ease being 
represented by a black circular space in the centre. The 
sparks were derived from a powerful induction-coil with a 
half-gallon Leyden jar interposed on the circuit so as to 
reduce tlie length of the spark. 13y this means a spark 
naturally of 18 inches long was condensed to about 1-inch 
at the gap through the hole. In applying the dust to 
the plate a circular shield was used to keep it clear of 
the space within which the wind of the spark would 
disperse it, and, the sifting apparatus being cylindrical, the 
form of the dust-figure was annular to begin with. The ^ 
material of the dust consisted of equal measures ol calcined ^ 
magnesia and purified lamj)black in finest powder. A few 
discharges sufficed to throw the entire ring into ciici^ai 
Xo. 1. lines, as shown in No. 1. The form of the figure i.s 
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No..,, .a-oatly uKKlilicMl i„ No. l.y up .ix .hurt gla.- 

pillars af cajual <listanccs rouiul the iunor of the 

figure. In tins case tlie dust-lines are seen to be rwterl 
to the glass colinnns and stretched into arches between 
No. 4. them. A fnrther modification is shown in No. 4, i,, 
I which six wooden hemispheres touching one another 
are substituted for the separated glass pihars. It is im¬ 


possible to look upon these figures without recognising the 
polarisation of the particles, but owing to tlie adhesive¬ 
ness of the dust, their motions can only be imperfectly 
^een. This impediment, however, is removed by using 
finely po\idered hai-d carbon and substituting a fierforated 
glass plate for the sheet of cardboard. ^The particles of 
this dust ino,e with great facility on glass, and, although 
the lines they form are less boldly developed, their motions 
can bo distinctly seen when the figure is projected, in the 
course^of formation, on the screen of the electric lantern. 
A\ hen the lines are thus viewed, they arc found to be in 
rapid rolling motion, Init with very little outward jiro- 
gre.ssion, and they also show a (juivering longitudinal 
motion. A very significant feature is elicit('d by making 
at the outset a break in the continuitv of tin* ring, as 


E 
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No. 2. shown in No. 2. In ti.is coinlifion flit* ring W;oino« 
analogous to a horsc-sho<- magnet, and it helniN^-in the 
same manner. Tlie particles of dust an; jerked out on 
both sides, and form up into short Um;ads, which roll 
themselves towards the narrowest i)art of tlie gap, and 
there jdaee themselves in end-to-end connection w'ith the 
^No. 5. interrupted lines. No. o shows a magnified view of the 
gap wdien the filling-up process is about half completed. 
It may be said that the polarisation under wdiich these 

y 

effects are produced is only electro-static, but at all events 
it presents sufficient parallelism with true magnetic polari¬ 
sation to indicate a close relationship between the two. 
We may assume that the dust movement is oidy a 
cumbrous imitation of an incomparablj' more subtle and 
agile movement of air molecules, wdiich wv)uld instantlv 
close up the gap in the circle, but would require .a 
lengthened continuance of the action to drag up the 
ponderous dust particles into line. Ihit the sluggish 
motion of the dust, both as regards rolling and longi¬ 
tudinal progression, may fairly be taken as iudicalive of 
correspondiug swifter movements on Ihe part of the 
aij^ molecules. I must leave it to otlu'rs to draw a 
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" / ’ n.„., of ' 

.. " I Lave -Ion.- n.y l-rt i.. 

M.1 iniign.-la-ally- 1 

.«ombhu.c<.. 

Mtl.oi.gl. ll'O aii-lan.l> In'" >-..111 

.. to me to !.,■ B« analogous in .t« -Uon 

subject. It appeals to nu fi,.^atorv 

to the wntci- ami cotton experiments, am so eon 

of vortcy action, as/o justify a reference to rt. The n« 

0 .n, nl aevelopecl in arc ilhJination are generally 
..egarde.1 as .nainly attributable to the snpenor effic.encj 
of the positive current; but how are we to reconcile th.s 
opinion with the fact that the positive action is one of 
expansion, ami therefore tending to redt.ee heat instead 
of intensifying it? And how are we to explain the forma¬ 
tion of the crater? Particles shot otf from the positive 
carbon would not issue preferentially from its centre, but 
from its edges, which would be the tirst to ^ield to 
erosion. On the other hand, condensation and impact 
are fertile sources of heat; and if wc admit the existence 
of a returning central current focussed upon the centre 
of the positive carbon, wc not only explain the chief source 
of the heat and light, but also the scooping-ont of the 
<*rater. The form assumed by the negative carbon is 








I'LECTKIC MOVIiMKN'l' 
in Inn-.. 

Ihronn nut ,lis,.c.mively fmn, IJ.n jn-ilive nl,nrtr.nln, nl.<l, 
iH-iug nUracln,l l>y tlio iiogalivc, ll.cy swenj) round and 
Ceroilc it into n tajrercd form witli a knob at tlie end. 
Tho polarity is reversed by cliange of front, and tlie lines 
flow back on an inward course under the joint influence 
of both electrodes and impinge upon the positive centre, 
thei’eby forming a crater and intensifying botli heat and 
light by secondary action. The process involves a figure 
Diagram 6. approximately rejiresented by fig. 6 (diagram sheet), 
which closely resembles the section of a smoke-ring, and 
agrees with the cotton experiment in showing outside 
and inside movement in ojiposite directions. T^'hether 
any part of tlie impinging energy re-enters the positive 
carbon in aid of the continued emission, or whether it is 
entirely expended in the production of lieat and light, 
IS a subordinate question. If all the lines re-enter the 
carbon, the figure would be that of a continuous smoke- 
ring. Otherwise it would be a figure of tl.e sarue ordc", 
but discontinuous. It has recently been shown that the 
-ter is flattened, and the lower carbon is more .Iccpiy 
-dented, when the light is enclosetl and the a.Indssion 
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of air iTsdictofl. Unt lliis only iini)lieH fliat the impiu f / 
is i„ some way ion.lord loss on lln- l..wnr <-;.rla,n 

and morn iliffused on llin npjier. 'J'lic .liaia. tnr nl llin 


fiernro remains tlic same. 

In all the experiment.s I liave liitliortcj (lescribed an 
induction coil was u.^ecl as..the source of tln^ power, but 
the wliole series of figures wliich I am about to bring > 
forward were ])roduccd by a 2 )owcrful Wliiinshur.st machine, 
wliich is capable of far more general aj^plication than the 
induction coil. It has sixteen jilates of nearly 3 feet in 
diameter, and is driven by an electro-motor. It is furnished, 
with condensers of different sizes, varying from pint^ 
bottles to ten-galloii jars. I am indebted to Mr. Whims- 
hurst for jjersonally suiDeriiitending its construction, and 
it has ])roved an indisjiensable instrument in my exjieri- 
ments. In using it, my practice is to shunt the sjiark on 


to a branch line when the object is to exhibit on the 
main line tlie tensional effects which precede or attend 
the spark. M'hen tlie spark itself lias to he depicted 


along with its accompaniments, the obj..,. ... . 

h} 'uidenmg the air gap on tlie shunt line, so as to nia 
It more re.sistant tlian that on tlie main line. 
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TIio kiixl ol’ (liwt wliicli in jhomI (^ctKTally aj^jilicabU? 
/or (lust. (l(‘liiu*iifion is 'rrii)oli ponder/ but nliere extreme 
mobility is recpiired, calcined inaf,Miesia mixed with carlxm 
in the I'orin ol purified lampblack is jirclerablc. 
podium dust is still more sensitive, but is very apt to take" 
tire. Tlie dust in all cases must be sifted upon the j)late 
by a meclianical jogging aieparatus working vertically in 
guides and shaking out the dust by striking gently against 
stops. Tlie figures are generally im})ro^■e(l by a minute 
application on the glass of solution of wax in benzole, 
Avliich must be rubbed off with the hand until the plate 
is perfectly dry and free from obscurity. 

I Mill noM' exhibit the dust figures Mhich more 
especially bear upon the points I have already discussed, 
and shall leave others to be introduced at a later stac^o 
of this pai)er. 


Illustration 
No. (>. 


Xo. G illustration is a dust figure produced by tha 
form of electric discharge usually called brush action, am 
Mhidi, in this particular case, Mas only of momentar> 
duiation. Here at once mc see an example of inside am 
outside action analogous to the corresponding action i, 
tJie water and cotton experiment. The outsi(h« sweep o 
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. I» .. l.y 11... -f .1..- 

i„si.l.. ..c.s..liv.- ...n-i.l i» '"‘‘fk..! by a .-.■..Iral 


while the 


.stream ol (hist 
is difficult to 


din'cted towards the positive (decfrodc. It 
catch the projier moment for stopping the 


action, which, if continued too long, disperses the dust 
altogether, or, if too short, prevents tlie completion of the 


return jmssage. 

Xo. 7. Xo. 7 is another example of the same kind, hut in 
which the inside dust stream is carried lionie to its 
destination by a somewhat longer continuance of the 
brush action. 

Xo. 8. No. 8 is also a brush figure in dust, but in this case 
a small sjiark lias been allowed to pass between the two 
electrodes. Plere the disjilaced dust is carried vigorously 


backward, not only on the central course, but in rear of 
the electrode, where the spark is inoperative. The path 
of the spark is seen in the centre of the figure, and the 
exterior shoAvs a multitude of brush lines diverging- from 


the positive electrode and then 
influence ujion the spark line, 
carrying power, and the dust 
on the brush lines. 'I’his is 


coinerging under negative 

I'he sjiark itself has no 

is swept back e.xclusivelv 

% 

e.s])ecially apparmit at the 







TKic MovicAi 

I)iirk of llic t'ircivoilf, when* flu* hjjark ran liavr? llo 
TIic limit to wJiicIi dust lias roa('Iu‘<l by oxjiiilhion is 

llu'i’c clearly secai, and its rcliirn may be traced !>ack to 
the edge of the electrode, wliere it apj)ears like a circular 



*lr> 

corona. 


Xo. !». 


No. b shows the effect of intercepting the brush 
lines by an interposing dust })late. The lines in this 
case are projected vertically downwards from a jiositive 
elect!ode above the plate towards a negative electrode 
below it. The result shows a multi])licity of impacts 
hkc large and small raindrojis. Every impact exhibits 
an outside radiating ring ^^itIl a dark spot of dust in the 
centre. A transverse section of the figure, already shown 
in Ao. 6, would exhibit the same conditions of a white 
^ outeiclc and a ,lork i„.,icIo. By reversing the eurrent and 
1". u»ing a fresh dust jilate we get a picture (No. 10) of the 
negative action, .showing fewer and larger impacts titan 
nie seen n, No. !). i„ tj,is direction 

0 tl.e force is n.anifested by a general shrinkage of the 
of dust towttrtls each p„i„t „f 

'‘7"', "Sl't' "■> tl'e acinal thtst 

I-nte the formation can he tlis.inCy stten a., in a „.„dc,. 
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itijcc'i'Kic movf«mi-:n'i 

ul ..ul. in.l>a.-t a hill, a rrat.r, and a co.u* lik. 
an extinct vnlcaim. The impaet of a Hiuok<-rin- if Mif- 
Hcientl) strong:, would j)roduee eorrcHiKniding eflects. J In 
disper.sive .side of tlie ring woidd harmonise witli the 
radiating i)osifive impacts, wldle the convergent side would 
accord witli the ai)pearance of tlic negative action. In 
Ijotli cases the central lodgment of dust seems to imply 


a vortex core, and other a])pearances testify to inward 
and outward radiations. 

No. 11 is a highly enlarged figure of part of Xo. 7, 
and show^s that the brush lines in coursing along the 
j)late make a succession of ininnte iinjiacts, each showing 
a black spot of dust with a positive clearance around 
it. In exce^itional instances the spot is absent, but the 
majority of cases in wliicli it' is present is so great that 
it is fiiir to presume that where not present it has been 
knocked aside by the crowded rush of other lines. 1 
am (juite at a loss to understand wdiat these spots can 
represent if they be not vortexA centres, in which ease 
we must regard the whole figure as composed of s(rings of 
cored vortices linked together by polarity, and transinitling 
energ)^ by some process of conduction. 
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hi wliiclj M)C luminosity of llu; <Iischargc produces its own 
l)icturo wlion taken in ii perfectly darkened room. 

I shall begin with a rei)resentation <jf a beautiful 
o. 12. luminous star (Xo. 1-2), jn-oduced by a single powerful 
discharge delivered from the pair of 10-gallon condenser 
jars of my Whimshurst machine. The discharge is jiosi- 
tive, and is taken from a metallic disc resting on an 



^insulated photographic plate. It shows a tensional figure 
distinct from spark discharge. It is, in fact, the product 
of the tension which results from or accompanies a spark 
taken on a shunt line. The figure as printed is on a 
scale of fully twice natural size in lineal measurement, 
and it is whiter in the print than it Mas in reality, but 
in form and character it is identical with the original. 
The discharge, although incidental to a spark, is in itself 
unipolar in the sense of having no metallic pole of 
opposite sign associated with it. The radiations of tlu' 
figure are of course molecular, conveying energy bv haudiin’’ 
it on from molecule to molecule, or from cluster to cluster of 










iindoubU'dly molecular, and the medium is atmosjdieric air, 
and thendbre gaseous. ^Vitliout molecules in a state oi 
mobility the fioure could have no existence, neither could 

•' O 

it be produced without imparted motion from Avitliout. 


The question now arises, What_is.-4hg nature and origin of 
rted motion ? Its genesis in this case clearly 



lies in the mechanical i^ower applied to the AYhimshurst 
machine, which by a process of induction and adhesion 
draws upon tlie inherent electricity of one set of molecules 
and transfers the jJi’oduct to another set, thereby creating 
unequal conditions^^_o £ char ge, which strive to readjust 
themselves and restore equilibrium. 

Faraday maintained that molecules must be laro-elv 
stored with electricity, and these stores i)rescnt the most 










nioll'clilar <'!( 
propria ft! (or 

Itiif if is conriisiiiii^ ft) iipply fix’**) f‘» natiirt! as 

‘ liiward’ and ‘outward’ cloofricity would bfU<>r meet 
iny views, but I cannot j)rc8unie to introduce a new' 
noineiiclature. The great, mobility of air molecules and 
tlie anij)litiide of their movements render their electrical 
action niucli more diseeriiible tliaii in other conditions of 
matter; and I trust that the j)ietorial representathiiis upon 
whicJi I am now entering, stamped as they are with the 
truth and accuracy wliich is characteristic of photography, 
Avill facilitate the labours of other investigators in their 
endcaA^nurs^^to^^umr^^ of electrical action. 

llie luminous star tigurc already introduced may at 
first sight be regarded as inconsistent Avith the principle 
of circuit, but avc must bear in mind that AA'liat Ave see 
IS molecnlar action produced by an agent Avhich we don’t 
sec and very imi)erfectly understand. The electrical 
effects are alone cognisable, and these must conform to 














u, ihr rirrtroth Iron, whirl, H ihMK'K Ihrro ih 
rcNiHtim<-<‘ lo Hm' i)a 8 Hii^fc of rlcrfn'rj'ty from air into 
nicfal, I hough apparoiilly 110110 , or ooinjiaraf ivoly litfh*. in 
the revorse jiassago I'roiii metal into air 5 that a 

metallic electrode acts in a ineasiire as a valve closing 
against return. Judging from less ainhiguous figures to 
he hereafter shown, I am able to say that the halo 
around the electrode is in this figure the result of 
checked re-entry, but great developments of this recoil 
action will be seen as we jirocec'd. 



Xo. 13. No. 13 is an enlargement of part of the last figure, 
and is chiefly designed to show^ the roinarkable manner 

in which the lines that make the most headway 

% 

receive contributions from other lines which are unable 


to compete with them. The tendency appears to be to 
consolidate into a smaller number of main lines, which 
will afford better conduction than a large number of 


smaller ones collectively of the same area. The junc¬ 
tion IS not effected by lateral fusion, but by pointed 


penetration, each puncture beino- 
light seemingly attributable to an 
heat. More of ibis kind „f action 


marked by a sjieck of 
attendant iiroduction of 
''ill jiresently be shown. 
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N„ IS .V". I-'- "I'""" II"- 'H""'-""' 1"^"^'""’ 

l,y r.■v,•l■si^fJ■ llii' .iini'iit, nil l.lll.•l■ .■<.ll<li(i.lll^ Ix-iii;? 'I«' 

suim*, (>.\c('j)l Mini, tln' rlrriroth in n-ihircd to u point to 
give inon* (•m])liasi.s to a figure uliirli refjijirch CNery 
advant.igo fo nuikc it sufficiently distinct for critu*al 
examination. 'Die (liniinufive size of this negative 
figure, in eomj)arison witli the j)ositivc one, is the first 
thing to he noticed; aiid it may be asked, JIow can this 
be reconciled with tlie assumption tliat negative and 
positive action arc equal ? The jinswer is obvious if 
—_we _ admit that the negative re]>resents suction and the 
j>ositke ,pressiirei because in that case the negative 
flow will be resisted by condensation, while the positive 
will be helped by expansion. The negative therefore has 
more unseen work to do in the i)rodiiction of heat, and 
action is only lendered apparent by nebulous light 
arouiKl ,lie electrode. Tl.e negative fignre as it appears 

is enlarged in .nnch the same pro¬ 
portion a.s the iiositivc star figure (\o. !•>), and tlio 

-nconnng nohulons slreanrs, groiving ilonsor as thov advance 
•^.e distinctly seen. The recoil action is aiso clear,; 

hy the protrusion of antlor-shapod oniauatious. 
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.. n-.fiin* iit> r:tinif)Uii: 

,,, obviously or fbo sn.uo natuM 

, Mf in flu- pohitivo slur Uirnn i 

,liM„.rsiv.‘ linos ll.row.i out in flu 1» 

H ... ..Lserve l.,.w .hese .■c.a.....,n»o- hon. 

to .1,0 negative streams, and overla,. .I.om 
combining rviti, then,. Tl.is ,,eculiari.y is more d.st.nctly 
.Vto, slmwn in an enlarge.1 «gnrc (X,.. 16), whied. is tnken 
from anotber experimental Hgure of the same kind, but 
more .suitable for enlargement. In this exami)le the 
positive horns almost encase the negative streams, and 
distinct jiroof is thus afforded of inside and oiit>idc 
motion in opposite directions Avithout interference or 
intermixture. I abstain, at present, from commenting 
upon the detached figures on the outskirts of Xo. 15, 
as I shall have more to show and to sav on that head 
further on. 

Up to this point the positive and negative elec¬ 
trodes have been kept so widely apart as to show no 
sen&ihle effect on each other ^ hiit in the next ti'^nre 
17. (Xo. 17) the opposite electrodes are brought near enomdi 

to exhibit mutual influenco, tliougli not sutheientlv near 

% 

for si>,irk disclmrgo. In this case tile radiations from 
tl.e rear and sides of the positive electrode present nm.d, 










rjJCC'I KK’ l .N'l 


Iho HfWiK* Ji])j)<‘ii/iili«<* !IH l»<‘/o|v; blit IJiom' i:i<'ini£ tin 

no^iitivi! (‘I(?c( j'ikIi! iii'n drawn lowai'dw it, ami fut tJw 
iiio.st j)ai'/ coiiKolidati* into tJiii'ki*!' Jinc.s l>y tJiat cllr^oll^ 
])r()c(*.ss of’ con/Incncc wJiicJi Jias already been descril>e<l, 
and nliicli is more dc/initoly seini in the enlarged jiicture 
No. 11 . of part of the ])resent tigiire, as displayed in Xo. 14. 

The central jias.sagc l}eiiig tlie shortest, the jiotential 
is more lowered there b}^ the negative suction than 
elsewJiere, and tlie outlying lines are consequently drawn 
inwards and caused to deliver their energy into channels 
more competent, to reach the negative electrode. The 
needs of the negative aro onJj- jtartially satisfied by the 
su])j)l,t horn tlie positive, for it is apparent that the 


negative elective eontinnes to draw electrieity from the 
an- .1. tlie same iii„„„cr and nearly to the same extent 
nt it* previous unipolar capacity. It does however 
inosent some new featnres, especially the projection 

1-Uve lines by .secondary action to catch ,,, 
'•■>8Sins patches of negative cloml -ub- • ' 

tlestiiiatioii. ' 

very interesting varicl.v of \o 17 • , 

^'0. IS, which i. 1 " ^ 

.. ">■ ..I,,,... 
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fail to roacli tlie negative goal. The <Iark tij>H 
to mark tlie turning-back of (lie ineffective liiiei^ 
and the reversal of chemical action due to change of 
polarity. Minute figures in flight from the positive 
region will also be seen, together wdth a great display 
of negative light thrown back to the positive end. 

In all these luminous figures induction has been as 
much as possible excluded, and I have now to show 
the amazing developments which display themselves under 
diflferent degrees of induction applied beneath the plate 
on which each figure is taken. Induction is always 
strongest when thus brought to bear on the reverse side 
ent dielectric, but would only reach a maxi¬ 



mum by an infinite reduction in the thickness of the 
dm^ng .impenetrable barrier. I„ that case, action and 
reaction wonid become equal, and in the absence of 
resistance would go on eternal'" 
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>v„i-..-.. t" 

.. in Nn. >». 

„.ero sop....I iVo,,. ,.a.„ nthe- -.v a .iouM- 

^ .Mekness of ordinary sheet glass. The difference .n 
the size of the trvo prints, 12 -and 1!), do<* not 
adeqnately represent the difference of size between the 
aetnal fig.rres, for the print is on a scale of 2 to 1 m 
the case of the star, while it is of natnral size in that of , 
the indnetion figure. To nrake them proportionate, would 
require the print of the latter to be 30 inches in diameter; 
and yet it required a less powerful discharge for its 
production than the other, yr It will be seen also how 
minute, inci sive, and symmetrical are the lines of diffusion 
as^corapar^d ju ith the lines of the unipolar figure. 

. 20. A companion negative figure, shown in No. * 20 , was 
produced by the same discharge by using two photo¬ 
graphic plates placed back to back, Avitli the film surfaces 
outside. Tlie opposite electrodes were in coincident 
position and in contact with the glass, but, as I shall 
have to revert to both these figures at a later stage, I 
shall not at present dwell further in)on them. 

T shall next proceed to illustrate other interesting 
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varying <lio inotle oi’ ai)j)licafion. 

l?elerring back to (he unipolar negative figure in 
Xo. In, it will be observed that the negative manifesta¬ 
tion is jiurely of a nebulous character, indicative of the 
I jiroduction of heat, and that the lineal configuration is 
I limited to the reverse action of recoil, which, of course, 
is positive. A very small amount of induction is, how¬ 
ever, sufficient to bring lineal action more into play. 
This effect of induction is beautifully shown in two 
Jvos. 21 ,22. illustrations of much the same description (Xos. 21, 22). 

In these figures lineal streams are seen flowing con- 
vergently towards separate centres, where they collide 
and are shattered into heat clouds, thus representing the 
conversion of electric energy into heat energy; the one 
consisting of organised movement, and the other of 
piomiscuous vibrations. A further examination of these 
figures will Sliow that the three heat clouds in each 


figure remain sufliciently electrified to carry on the action 
to the metallic pole, though with very reduced energy, 
as is shown by the comparatively feehic development of 
heat which is there indii-aled. It will also he observed 






32 


ELiicrrme m ov um i^n i 


timl llw protnisirm of rcuf'fioiiury liorn« from the uej^ative 
eoiitros has cc.-ised, and that, in lieu therw>f, l^rii^tJirig 
'sj)ikes are thrown out from various j)arts of the con¬ 
verging lines. In j)revious figures where induction was 
praetiealJj excluded small detached cloud spots of negative 
electrification were seen to be floating inwards, but these 
showed no organisation. Similar detached spots may be 
seen in connection with the present figures, but these are 

in organised form, having their own converging lines and 
collision clouds. 


With stronger induction the converging lines and 
their tributaries become very pronounced, and indicate the 
I initial gathering from the an- with wonderfiU precision 
.V„. 23 .(^|^mmetry. No. 03 ,hows a magnified portion of 
one of these figures. The branches bear a remarkable 
resemblanc^to feathers, the barbs of which represent 
gathering feeders advancing in close array from opposite 
-des and colliding „„ the dividing lines, which are 
t ereby raised to the tempemture of ignition, and become 
'uets for transmitting"the energy to the negative centre. 

with .1."”" "" 

spat between two electrodes, but diirering from 
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,„„s,. „ln.,Mly -lioun in l-i-,’ n.n.lUi..l l.y .nnWlvi,.,. 
iiidiicdon. 

V ... N(. 24 shows fho rcm.'irkahlo ofTeof of a iiH'n tliH'ad- 

No. i'l. 

like S(ii|. nf linf.nl Hlnyk n|>nn nnd.-r-si<k- nf .I..- 

pl.olo-rniiliic jilak tn as In cslalilisli a Mll.jawilt avial 
lino of roinliielioii from (■l■Illl■<• In ooniri' of lli<- two 
olectrodfs, flic strij) itself hein^ insulated. liy this m<*aiis 
we obtain alternating’ indiietion beneath the plate, tlier<*hy 
faAoiiring oscillation and the jn’odnetion of secondary 
figures within the j)riinary areas. In the present case 
tlie brilliant figure within the j)ositive area must he 
regarded as a reactioiiarv negative figure bearing a great 
resemblance to the negative primary, though showing 
much greater detail. On the negative side there is also 
a sub-luminous fringe, increasing in liiniinositv towards 
the centre, where a well-defined line of light, which has its 
corresi)ondent within th(' positive area, marks the inception 
of spark-discharge which is about to take place, but is 
defeated by its occurrence on the shunt liuc.^ The two 
figures are drawn out towards (‘ach other, and actually 

■ It is difficult to say wLelI.er tl.e sparkless discharge is duo to a pivlimiuarv of tension leading 

up to a spark, or to self-induction succeeding the spark. In either ease the s,fark on tife main line U 

defeated by its occurrence on the shunt line. 
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(oiicli, (lio.igli iM.I lo p;i«H IIm- •^j»ark. 'Hi* 

...nviidiic ..(• IIm- liiK'H on flu- notrafivo huU ^iio«> tln-ir 
convcr^o-nt flow IVom I In* ailjaccnl air, wliilo jjOhitivo 

(lisjx'rsion is sliown willi ocjiial <-lcani(;ss by tin* faint out¬ 
side lines in the oj)i)osile <livision. On both sides \v«‘ 
have nnniistakahle evidence of the production of lieat an<l 
consecpient li^ht by converfi^ency. 

No. 2'). Xo. 25 is an enlargeiiK'iit of the central luininoiLs 

figure on the })ositivo side of the preceding picture. Or, 
to be more correct, it is taken from a similar figure 
j)roduc('d in exactly the same manner, but which has 
more strongly defined lines, and is therefore better 
adapted for illustration. Fiom this enlarged figim* it 
will be distinctly seen that tlie reactionary inward flow 
has taken 2 )lace on the positive lines of emission, and it 
seems j)robable that the dulness of the exterior portion 


of those lines represents tlie transitional stage of reversing 
])ol<iiit\. Ihe (‘nlargement also shows a profusion of 
donble-he<ided junction lines, which se('ni to indic'ate a 
rpii\eiing variation of })otential diu' to minor oscillations. 
^o. 20 is the same as Xo. 2d, exeej)! that it. is made 
• ix jnm])s instead of only oiu’, tin' inli'rvt'ning space 




No. -IG. 
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r.,M..II.V .livi.I.d l»y rr,.li.li.f;.lll Hnular 
Jliiroll; i.iMl, l^y way of roiii|»anHoii, a of four m^Hioiu^ 

No.:.’/. (No. ‘ 27 ), ))i'o(luc<’(l wiflioiif, Kiil»jao<'iif iii<lu<'fion, l*> t'xii't- 
to show how iniu’h fh(‘ dotiiiitioii is doix^iidont 
111)011 th(> fmirtioii of the sfrij) of liiifoil bonoatli Uio 
j)Iate. 

No. 'js. In the next illustration (No. 28) the strip of tin- 
foil beneath the plate is discarded, and a se})arate eartli 
connection is given to the underlying electrode of each 
figure. In this case the two luminous figures, which 
are of great beauty, and much more unlike each other 
than is usual, are circular in form, and are in no 
<legree drawn out towards each other. They are also 
(jiiite out of sparking range, but are in communication 
with each other by a system of fine lines, like cotton 
fibres. The pair of figures are like the two sides of a 
Leyden jar under process of discharge by leakage. The 
connecting lines are seemingly all of the positive brush 
description, and are doubtless acting as positive ducts: 
but wliere are the negative ducts, if they be not inside 
of the positive ones, as they undoubtedly are in the ca^ 
^of the Avater and cotton experiment? 



ise 








/i^nn*, blit Oicy arc too iiiiniifc to be tliHfinctly by 



patcb not materially differont from many otliem It is 
No. 29. shown in a Jiif^Iily magnified form in Xo. 29. The 

consolidation of the minute communicating lines before 
joining the negative is here distinctly seen, and their 
discharge upon the head of a negative frond produces 
a strong development of light, together with a recoil 
from the negative which has all the appearance of a 
splasli followed by an issue of minute positive antlers. 
To the left of the splash a nuinbcr of negative fronds 
may be seen with positive lines coursing over them, 
and detached portions of negative heat cloud may be 


observed with positive lines thrown out to eatch them. 


Tlie brilliant portion of the figure on the positive 
side appeals to be only a further development of the 




analogous figures has been <v 


been gradually enlarging. 



•oundary extends nearly 

% 

0 action. Still, however. 
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()t<>n‘ iviiiiiiiis iiii oiilHkirt of priiiisiry railiafioii 
<lisj)Iiiy.s IIh* Hiii^iiliir of a fiiij|titij<l«f of 

small (letaclfo<I li^mos oacJi flying away with a njHu;k of 
liglit at tlio roar. Similar detacliod figures, more 
(listinot and more isolated, may have been iiotic<?fl in 
I)revious illustrations, and it is now time to diseuss 
them. Tliey are undoubtedly fractured positive lines, 
such as can be easily j)roduced by diagonal impact. 



l)rush lines is 


delivered obliquely upon a i)ho(ograpliic plate by a 
single powerful discliarge from a jmsitive electrode 
raised -8 inch above the plate. The lines are 



broken by the impact into pieces of various sizes, 
some of them as small, and most of them many times 
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assunuxl (o Ik‘ nc^^af iv«*, partly 
with the black (hist in Nok. ^ ‘““I ^ 

because they visibly attract the lips of the po..iti\e 
lines Ibllowiiif? closely bel.iud tbein. The tips iu tlie 

present figure arc seen to bend inwards towards the 
spots, and actually strike into them, thereby proving 
opposite states of electricity,^ and strongly confirming the 
double composition of electric conducting lines. The 
effect may perliaps be attributed to self-induction con¬ 
sequent upon interruption, but the evidence of dual 
composition would remain unaffected. The discharge in 
this figure was taken from the 10-gallon condensers of 
iny_ liimshurst machine, but fractured lines can be 
produced with far less power, though not so incisively. 

It is very difficult to obtain distinct results by a 
similar treatment of negative lines, because the negative 


* Since writing the above I have obtained additional evidence upon this point. Plour sulphur is 
attracted when lightly dusted over a surface positively electrified, and repelled when the electrification 
is negative. By applying this test, which was suggested to me by Mr. J. W. Swan, I found that the 
relative electrification of the streamers and spots agreed with the views expressed in the text. 
Lichtenberg observed not only that sulphur adhered to a positive surface, but that red lead jveted in 
the same manner towards a negative surface. Furthermore that when the two powders were rubbed 
together and applied as a mixture, they tended to separate and settle in the above discriminating 
order. Although I have not yet succeeded to my full satisfaction in the application of these 
I have obtained sufficiently distinct results to prove the correctness of my previous conclusions. 
Bare glass of a proper sort, as well as resinous plates, may bo \ised, V)Ut great prtx^auiions are 
necessary to avoid ambiguous effects where the electrifications are feeble. 









,„ (ion is more fl.ai. fl.o i.oHifivi-, ami a|M> WaiiM- 

(hey |)ro(lucc iiiiicli more effeet iij>oii the \AhU^ , 

i„ one .-ase, an.l only in one, I Inive MieiM*e4e.l hi 
obtaining- a ^ood <^xani|)le, nliieli, in a imigiiilied form, in 
:u. exliibited in No. 31. It rejn-esents tin; irniiact of iief^ative 
lines ('inanating’ from a negative electrode raised about 


'8 inch above a j)hotog;rai)hic jilate, and niceiving; a sparkless 
disc]iarg;e from a positive electrode raised 1 inch above the 
])Iate. Tlie electrodes Avere about 8 inches apart, and the 
j)late was insulated. The discharge Avas delivered from 
the 10-gallon condenser jars, and Avas Aery poAverful. 
The figure produced under these conditions exemplifies 
in a most remarkable manner both primary and secondary 
actions, and the pronounced tendency of the positive 
streams to embrace the negative emanations is conspicu¬ 
ously shoAvn. 

Another equally curious case of a ditferent kind is 
presented in the pair of figures in Nos. 32, 33. In 
this case two photographic jilates placed back to back 
were used Avith the films on the outside. The upper 
8Kle of the double jilate carric'd a metallic ring, about 
■i inches in diameter, which sorxed as a jxisilive 
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,•!(•(•(rode, Nvliilc ilu' ‘ihI of ii win* wa^ Uou^-lit 

into will] flu* lower side of flie double plaU* at a 

j»oiiil eoiiieidenf willi the eeiifre of tlie riiifr. AN'hen a 
discharge is made* nnd(‘r lliese eoiiditi()iis, a very f<,*eble 
(‘mission of ])ositive horns takes j)lace oiitN\ar<lIy from 
tlie ring, hut tliick radiations are tlirowii otf from the 
inner margin, and expand in volinne as they approach 
tlie centre. The recoil action is very cons])iciiously sliowu 
by a bright circle of light at the inner edge of the ring, 
wlicre tlie return is cliecki'd by tlie sort of valve-action 
already mentioned. The same ii hite junction spots which 
so generally accompany ])ositive emanations arc profusely 
dis])layed in the tigiire; and yet it is so different in general 
character from, all jircvioiis examples of positive action 
that it is difficult to regard it as essentially the same. 

lurning now to the obverse side of the double plate, 
ve find a iiegatiAe figure displaying equally unexpected 
features. It shows detached figures of various sizes, all 
distinctly defim'd as indepi'iident svstems, and many semi- 
detached ones of jierfi'ct symmetry, all exhibiting the 
nsnal collision clouds at tin* conlluenci' of couver«nm^ 
lilies, and finally evolving an in!(‘nse nebulous light at 
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„,,. ,i|,» ul- IlH' pin."- 

„„„.ki,.^.s, lik.. of '' I.n '' ""‘J- 

io.unj offo.f, o.- .....y I- 
slioAvii ill other tigiircs. 

All the preceding lumiiioiis tigiires were produced h\ 
siiio-le instaiitaiieoiis discharges. ( 'oiitiiiiioiis discharge ol 
the brush character gives very had liimiiioiis definition, 
tor the lines are so fine and so iniiltitiidinoiis that they 


Xo.31. run together, and show only a haze of light. Xo. 34 
is an example of a figure thus iiroduced by continuous 
dischare'c. It shows streaincrs issuing from the fiont, 
back, and sides of the positive electrode, and aftei 
becoming invisible reappearing by condensation, not only 
at the point of the negative electrode, but also around it. 
The condensation into sparks in front ot the negative is 
very clearly shown, but they are very feeble, and not 
sufficiently luminous to blur the plate. It will he seen 
that they die out before reaching the positive terminal, 
being apparently absorbed in the jiositivi' haze. Ihit the 
chief interest of this figure lies in its exhibiting the 
curious jihenomenon of a black spark, which in this 










brilliancy tlcaclcMiiiig- the eye to tin* percei)tioii of light ; 
but that explanation cannot apj)ly to the black spark in 
this experinient, where the light was barely sufficient for 
j)hotograph ic defi 11 i t ion . 

I must now recur to the two large and fullv 
developed electric tigures in Nos. 19 and 20, which as 
yet have only been imperfectly discussed. As already 
stated, the two figures were simultaneously produced by 
the employment of two photographic plates placed back 
to back to each other and having coinciding electrodes 
of opposite sign on the outside faces. Xhe two jiictnres 
pioduccd under these* conditions approximate to each 



more* nearlv than in anv 
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le kind; and such being 
at if lunch thiinuT glass 
ig di(‘l(‘clric, Ilu> dilference 














MOVI'MIvN I 


l)c(\v<M‘ii (Ik* (wo (i^iiiTH woiiM iilniOKl <lihaj»|M'Kr. 'I Ik* 
iiKT(.'iis(i o(* Biiiiilif.ndc on (Ik? Ki<l<! of (Ik* iK*(^iifi\<* 
iirsdy in (Ik? fiidin^ prominence of (hose bn>ad M>f( 
linninons fronds which 1 have (r(*at^*d as inliowinj; 
s(r(*anis deriv(*d from (he surrounding air; and, scc'OikIIv, 
in the increased protrusion all over tin* figure «»f 

reactionary .s])urs of a positive asp(*ct. On the other 

side we Iiave more finely divid(*d lines coinciding in 
direc'tion wdth the broader lines of the same cliaract<*r 
in the negative figure, but (littering only in their 
greater subdiA'ision, and Ave have a A'ast iiuml)er of 

positive simrs closely corresponding Avith those on the 
negative figure. All this tends to shoAV that both fiirurcs 


are negatiAe, the one by ])riniary and the other hy 
secondary action. As there is no overreaching fringe 
of primary action to be seen in this case on the positive 
side, the presumption is that the sc'condary figure has 
completely obliterated the primary one. Although there 
is little* or no difference in the size of the tAvo figuia's, 
there is much more minuteness of dc'tail and sharpness 


of definition on the jiositive side than on the lu'gatlvi'. 
This apparent superiority of eiH*rgy in the positive ligun* 
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KK' -VK )VMiMI.N'l 

|,„H I)(M‘I1 ol.scmiI)l<- fliroiiKlioiil. n xvan 
flic iiidiicfion was wi'akcnf, ami is Icasf when* flic imluclioii 
is sfron^^ifst. If I may v<-nfiirc ujion a liyjMifljcliial 
cx])Ianafi()ii, I should say fliaf rcfrardiiif^ fhe electric 
generator as a jHiinj) wliieli musf till before it can force, 
the negative stroke, rcjiresi’iiting suction, must take tlie 
lead of the jiositive, and will have to draw from a neutral 
atmosjiliere. Tn so doing it will create a deficit in the 
environment which will aid inductively the expulsive 
energy of the jiositiAe.^ Being first in jirimary, the 
negative would also he first in secondary action, and 
would thereby operate to reverse the condition of the 
cir^ ii onnient, thus adding its own eiiergv to the recoil 
energy of the jiositive, thereby producing heat and light 
bj an iinigorated coiia ergencA' folloAved h^- a second 
positive outburst manifested by a multitude of minute 
“horns” over the wdiole area. 

^Vhatever theory may be applied in explanation of 
these two remarkable tisures, tliey are at all events the 
result of mohaaihir motion iietiiatcd hy eloetrieity. The 

amount of symmetrical detail they exhibit is enormous, 
th^time leqnired ior their ]>rodnction is only an 
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...all IVaHion of a Hut it 

..i.m<*aHin.iI>l} ,v<-or<lini? '‘U<h 

.. .l.v ll.al w u'V‘‘ t’"* 

|)!u)l()gia] } . . * • ..rtivity Photofrraphy, 

,von.U.,r„l .li^plays .,( al,.c.rK: ..a,v..y. 

,.„t availaPIc fov this ,.u.-po«. u. ca«e. > 1 ■ 

evolved is very strong. A brigld spark fogs 
„.e plate and .lestroys all delineations, an.l .t is only l.J 
Us action on dust that I have heen able to obtain even 
a rnde picture of spark structure when n^sulting fro... a 
strong discharge. The spark has little or .to longitudinal 
carrying power, hut its lateral force is considerable. The 
o..ly way to attain a.ty success with dust delineation of a 
strong spark is to wax the plate and rub olf the wax 
until only the smallest vestige of it is left. IVheu a powerlul 
spark is passed over a plate thus prepared and suvfoeed 
with a film of the finest possible dust, all the coarser 
^particles are blown away in confusion, but a fine residue 
is left which clings tenaciously to the plate, and sonletilne^, 
though not always, will take the impression of definite 
No. 3o. incisive markings of the spark action. Xo. 35 sIuuns a 
magnifif'd figure thus producc'd. The spark was about 
-.T inches long, and was taktm from the pair of lO-gallon 
condensers of mv Whimshnrst machine. 'riie. adjacent 
N 
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m<)Vi:mi:n'i 




.|„„l tiv iMlio,, on til- l-fl iliviMoii »f <'••• 

Mfrui-c, and it w^add ccrfaiidy liavn hhowii :i/rtion 

on tlK> rigid if tin* dust had iH»t Ix-en too much di^onlcri^rl 
by dispersive force. d’he track «)f the spark is very 
distinctly shown, and it will he seen that it is flanked on 
each side by a line of spike-shai)ed radiations normal to 


tlie curvature of the track. These consist of black 
pointed forms separated by white* streaks of denudation. 
Judging from what I have seen in other cases, I should 
interpret these alternations as indicating a series of 
oscillations between positive and negative, due to reversals 
of polarity effected with inconceivable velocity along the 
whole line. We may presume that these vibratory lines 
are exhibited on the plate in a sectional form, which 
implies that their actual form in free air would be that 
of rings with a core. This brings me again to the idea 
of the smoke-ring, though the sharp-edged form of the 
exterior does not agree with the outward curvature of 
that vortex form. But if the motions of the smoke-ring 
could be intensified up to lightning-pitch, T am inclined 
to think that their configuration would correspond with 
that of the spikes in the figure. At all events, there is 
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HO Hiidcrlviii^" induction whs used; l»ut iu the next 
illustration (No. 30) an extremely narrow strip of tinfoil 
was affixed to the underside of the dust |)lat<*, on a line 
extending’ from centre to centre of the two circular 
electrodes, resting on the film of dust. A condenser spark 


was allowed to pass, and the result 

shoMs its track. 

toe-ether with two well-defined figures 

; indicating four 

oscillations and very distinct contrasts 

between positive 


and negative markings. lint liere again we see clear 
evidence of a superiority of force on the positive side, 
wliich I liave endeavoured to explain by assigning the 

V 

initiative action to the negative. 

I now pass on to a somewhat magnitied picture 
o. ?, 7 . (No. 07) of a similar figure, in which the tension was 
sufficiently kei)t doAvn to avoid violent discharge. In 
tliis case, owing to the lower tension, only two recoils 
are apparent, but the constitution of the spark is much 
more clearly shown than in the last figure. 1 must 
heic observe tliat a spark laki'ii ov('r a surfact' under 
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t<. s.r.>n.lary aHiou within tlw .n-^^ativ. an*a, i-.u- 
from th.* spark track in Imllou curves. On the otlicr 
hand, tin* more ahnndant nc^mtive lines, caused by 
reaction within tli(‘ positive anm, curve in a similar 
maiinor into the opposite division of the sjiark track. 
The gradii'iit of iiotential must therefore h(‘ from out¬ 
side' to inside in both cases, wliile the spark tracks 
tliemselves must be of ojiposite sign in re'lation to each 
other — the track being positive inside of the negative 
area, and negative inside of the positive. In confii'ma- 
tion of tliis aIcw, avc see the tendency of tlie positive 
lines at tlie junction to mount upon tlie outside of the 
negative; and we may infi'r that if the process were 
carried to comjiletion, it would be effected by the one 


telescoping over the other. Many detached ligiires are 
thrown off from the iiositive fringe, all of which show 
the usual black centre, indicative of inward action, 
yhile th('ir radiating ('xfc'riors bi'ar witness to (lie 
opposite condition of disiu'rsion. AKogelher, (he figure 










1.1 I'C rKI<' l-.M IA 

-19 1 . - ' 

..,ul IK :• Ix-aillif'il ‘Xanip*'" 
is full <>r inlonnalion, aiMl 

(lust illuslralion.* ^ _ 

A very intcrosfiuK, and I .nay even ^ay KurpnK.nir, 

oHoct is shown in iho next . . (Xo- i*S). - 

negotivo streams (not sparks) were projeeted front an 

annular electrode npon a .h.st plate with a positive 

metallic mg beneath. The result is a circle of indepeii- 

tle'ir^es, each complete in itself, and showing such 

perfect compressibility as to admit of being crushed into 

the forms which arc the most favourable for close packing. 


Each figure, though wedged against its neighbour, resists 


amalgamation, and there is no indication of theil being 

I ^ ^ 

I _ 

iniitucilly subject to cither attraction or repulsion. E^cl^ 


licfurc shows a nucleus with a dark surrounding*, penetiated 
bv radiating lines running into an exterior nearU 
denuded of dust; and in all cases there is a boundary 
line between adjacent figures wbicb seems to resist 
intermixture as if it were an integument. Their general 
appearance is strikingly like pictures of i>bysiologioal 


‘ Since the above was written, I have distinctly ascertained, by the tests refcrrcHl to in the foot* 
note at page 38, that the spark track in tlie negative division of this figure is positive, while that 
in the positive division is negative. Also that the effects of the same discharge are rc\*er 9 ed on 
the opposite sides of the gla.s.s. 


O 
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.. . .. . ... ---- . .. 

...V,..-, ... ... 0- 

,snucu,-.. .» ... 

I l.,.vo alrcly »|.oken of .•leCricity as o.gan.so,l ...ot.on. 

,.„vc luac an exa,n,.lo of it carm-.! ap,aren.ly 

t(.) tho very verge of life* 

liiit the above is not the only case oi clcctiic 

delineation on dust presenting the ai)pearanee oi organic 
forms. The eommon lichen, which grows so iri'cly m 
pure air on sandstone rocks, is closely mutated in 
N'o. .‘lit. No. 39, which is another negative ligure on dust; and 
Xo. 10 . in the succeeding tigurc (No. 40) wc see arborescent 

forms, showing trees and undergrowth, in which steln^, 
branches, and leaves iind their approximate lepieseiita- 
tives. Lastly, in the one remaining ligure to be shown 
.Xo. 11. (No. 41), even the root is indicated lying at the foot 

of the stem. 

This final figure is ivortliv of a litth' further 
descripfion. It is surrounded by patches of swept*up 

dust, dmived from (h'uuded margins, thu> indiealiug 
iK'gative electrificalion. l''rom I he inli'rior of nearly 





Figure 1 half si^e. 
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M()Vi:m HN'r 


..vcTy l»nl.h ^v.• M- llM‘ ori^i.n.lion of a roiMl.iHii.tf Him-, 
wliirli on itH iiiwiiid courM* unil^'K with olln-rs wliidi 
ill liko iiiiniucr <>" 

is Ibnucd leading- to 1 Ik‘ I’ase. From fl.iH point there 
is a rebound in positive form, which Hows outwards along 
the same tracks, and its dispersive force breaks out in 
tlie production of higldy divided vegetative forms. 

AVe now come to the important consideration as to 
how fill- do all these expc'riments advance our knowledge 
of electricity. Alaiiy things have been illustrated, and I 
may hope tliey ha\e in most eas(‘s been more or less 

elucidated. 

Let me brieHy recapitulate the particulars, in order 


to bring them more into one view ;— 


Q) An intelligible explanation of the water and 
cotion experiment has been oHerc'd, and its teaching 
indicated. 

(2) The duality of electricity, apart Irom quantita¬ 
tive distinction, has been shown to consist largely, if 
not wholly, in ditterencc' of direction, tin' motion being 
in the one cas(' outward and forward, and in tin* other 
inward and backward, as in tin* smok('-ring. 
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(.*() 'I'lir <‘()iiK(>li<liilioii of liniHii iijti> luaiii 

(‘iiaiiiU'lH of (toiulmMinii, iiiid lli<* iimmIi* in wliiidi tln-y 
coalesce lane l)ccn clearly llliihlral<*(l. 

(4) Pictorial illiislrations Inivc been <*xliibit<*d show- 
ill”' electric eonii”nration in various |)lms«*s; and the 
jxTsisteney ol* jiattiTii, iii(l(‘j)eii(l(‘nt ol’ nuif^nitude, has 
been t'xenijilitic'd. 

(5) The donbh' eoinposition of eondnetiiifjf lines has 
be('ii disjilayed bv' lra(;tnre. 

(G) Novel effects due to oscillation and secondary 
action, as widl as to modifications of induction, have 
been exhibited. 

(7) Magnetic or quasi-magnetic effects on conuuon 
dust have been shoMii. 

(8) Examples have been presented of the remark¬ 
able correspondence between some electric figures and 
living organised forms. 

AVhether or not my theoretical expositions will hold 
good, the illustrations I have jiroduci'd are unimpugnable. 
They are graphic representations of unseen conditions 
which demand explanation. 

Ehe salient imjiression which all this leaves on mv 
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IJJCC'rKK’ MOVI'.MIvNT 


,„in,I is (Im( r\rriv\rUy is ul.ntin.l wifi, fl..* 

,„„l.r..l.*s. Then- rw,. Im* IM. 
n.ofionicss .•l<-H.ici(y. Tl.c fern. “ sfafi. al ” only hi.i.ln s 
bonda'^e and abscinc of cuiTcnf. Tin* (jnanfity ol olorlri.al 
motion in nioloonlos maj In* enormous. laraday has sai<l 
that tJu'n* is j.rol.ably as much cl(*<*tricity in a single drop 
oLwater as would produce a tliunderstorm if lr<*e I see 
no reason to dispute it proAided we aeknowl(*dge all stat(*s 
and conditions of electricity as modes of motion. It may 
well be doubted whether moleeul(*s themselves are anything 
‘^mpre than specialised motions. e only recognise them 
by their forces, and we know- of nothing else to represent 
their substance* and their inertia. Lord Kelvin has 
shown convincingly that rigidity and elasticity, which carry 
with them the ideas of solidity and inertia, together with 
oscillation in all its forms, can be represented by motion. 
Ko man can speak with higher authority on this subject 
than he can, and he has said, “ It is scarcely possible to 
help anticipating tlie arrival of a complete theory of 
matter in wliich all its properties will lx* seen to be 
merely attributes of motion.” ]hit motion of what? At 
present we as.snme the exist(>nc(' of (*th('r to supply the 
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1* .< .11(1 ItlKO 1o fill “I* 

Mipposi'd n<v«l (.1 a >.)“ ’ a ixiiitinuity of 

■■.mliunity. H"' i“ » , , , 

lhan a .a.n.inuUy af m..T.a,.... 

.ny i,.a..i.Uy 7 

... wHl. -.I.-.-. ... a,-..n . 

.eh hy pos,„h.,h.. .w„ ..Mas I--™' ' 

The elimi..aliou of ...oth.i. 'vo..hl ... H'*' "" 

,he ex,i„c,io„ of the ....horse; rvhhe in .he other, .her.. 

wonhl o.,ly re...am an i„.,,alpahle ...edi.nn, .vh.ch ... .he 
absence of ...ofio.. wonhl he seare.-ly .lis.ingnishahle fro... 
e,ni>.y space. E...I0W space wi.h .he a..rih...es ass.g..e.l 
Cher, .a..d the .liffcrccc vanishes. Mo.ion wo.dd .h.-.. 
stand forth as the “ahsoU..e" of .natter. Bat n...el. 
same may be said of it, eve., if the i..<lepende... 

existence of ether be conceded. 

These views of the strnctnral capacity of motion 

present Nature under a more spiritual aspect than om* 
of crude Materialism; and while they lead us to 
contemplate her wonders with increased amazement, they 
make her appear more akin to an Infinite Dominant 

Mind. 

Before concluding my remarks, 1 must apologise for , 
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i':Li:(‘'rKK ' viovI ‘:m 


(hr scniil rr/rmirr I liiivr liKulr f<> tin* illl|><ir1^illt 
liilxMirs (»r iiiodrni iii\csfi^alorK in tin* of rlrctririty. 

.Vo’i* iiinl hiisiiirss ii\ociilioiiH lia\(* iiiino^rd upon iin* tin* 
nrcr.ssh) of hriiif^' as brier as possible in tin* Ireatinent 
of niy snl)J(>e( ; and niy inability to follow tin* elaboraU* 
inallieniatieal tn'atineiit now so generally adopted in 
electrical exposition nnfits nu* for acting as a reviewer. 
I fr(*('Iy admit that my own investigations are built upon 
l)r<'-(‘xistiiig knowledge*, and I hope they will not clash 
with those of others. Personal claims to priority are 
most distas teful to m e ; and if I have in any case treated 
as new what was known before, I hope it will be 
attributed to ignorance and not to intention. 

It yet remains for me to acknowledge the valuable 
( s('r\ ic('s whicli have bt^en rendered to me in the 
y j)ros('cution of my experiments by two persons. The 
one is Mr. M orsnop, a well-known jthotogTapher in 
Kothbur}, and tlie other is Mr. Andrew Eich.vrdson, who 
has act('d as my gen(>rid assistant. lloth have displayed 
gieat intelligence and fertility of resourei* when acting 
under novel conditions. 


rj- (\h J'rinlrrt, Mrfc-ttnrf S^Narc, 
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No. 6. 

TWICE ORIGINAL SIZE. 






































POSITIVE FIGS. 












No. 11. 

greatly enlarged. 











No. 12. 

TWICE original SIZE. 
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